The national economy and food security of many sub-Saharan countries relies on rain-fed agriculture, hence the impact of rainfall variability is highly significant. The intent of this study is to characterize rainfall variability and trend in Awash River Basin for agricultural water management using standard rainfall statistical descriptors. Long-term climate data of 12 stations were analyzed. Onset and cessation dates, length of growing period (LGP) and probability of dry spell occurrences were analysed using INSTAT Plus software. The Mann-Kendall test and the Sen's slope method were used to assess the statistical significance of the trend. The results show high variability of rainfall (38-73%),
INTRODUCTION
Sub-Saharan Africa is among the most vulnerable regions to climate changes (IPCC ; Kotir ). Even though the impact of climate change is vast, the changing pattern of precipitation deserves urgent and systematic attention as it affects food security in this part of the world (Dore ).
The land phase hydrological system is mainly affected by precipitation, and changes in the precipitation pattern have direct impacts on water resources. A higher or lower rainfall or changes in its distribution would influence the water balance, and would alter the frequency of droughts and floods (Kumar et al. ) . It is also noted that precipitation and temperature changes are not globally uniform.
Regional variations can be much larger, and considerable spatial and temporal variations may exist between climatically different regions (Yue & Hashino ) . 
The migration of ITCZ is sensitive to variations in Indian
Ocean sea surface temperatures that vary from year to year, influencing the characteristics of the season in the region as well as episodes of El Niño Southern Oscillation and La Niña (Dessu & Melesse ) . Understanding the characteristics and variability of Ethiopia's principal monsoon rainy season (Kiremt) and the early (Belg) rains is vital for ensuring the food supply and well-being of the nation which, unfortunately, has been ravaged by severe and recurrent drought for many years (Segele & Lamb ) .
Efforts are being made to understand rainfall trend, variability and characteristics of the seasons, not only because of their significance for agriculture but also for their role in energy production, drinking water supply, and management and utilization of resources. Understanding the variability, trend and characteristics of the growing season is, therefore, crucial for planning and designing appropriate adaptation strategies in the basin. Out of the 12 river basins in Ethiopia, the Awash River Basin is the most important, intensively uti- 
MATERIALS AND METHODS
The study area (Table 1 ).
Data quality control

Outlier detection
The Tukey fence was used to screen the outliers greater than a threshold value that can affect the detection of inhomogeneity (Ngongondo et al. ) (Equation (1)). The data range is represented as:
where Q 1 and Q 3 are the lower and upper quartile points, respectively and IQR is the interquartile range. Values outside the Tukey fence are considered as outliers. In this study, such outliers were set to a limit value corresponding to 1.5 × IQR.
Homogeneity test
The cumulative deviation test was used to detect inhomogeneity in the meteorological time series data (Sahin & Kerem ; Ngongondo et al. ). Buishand () noted that tests for homogeneity can be based on the adjusted partial sums or cumulative deviations from the mean, and it is given by Equation (2):
The term S k Ã is the partial sum of the given series. If there is no significant change in the mean, the difference between y i and y will fluctuate around zero (y i is the annual series and y is the mean). The significance of the change in the mean is calculated with 'rescaled adjusted range' R, which is the difference between the maximum and the minimum of the S k Ã values scaled by the sample standard deviation as:
The critical values for the test-statistic (R= ffiffiffi n p ) is recommended by Buishand () and for n ¼ 30, and 5 and 10% probability levels, its values are 1.5 and 1.4, respectively. 
Data analysis
Trend analysis
Mann-Kendall's and Sen's Slope Estimator tests were used for trend tests. Mann-Kendall's test is a non-parametric method, which is less sensitive to outliers and tests for a trend in a time series without specifying whether the trend is linear or non-linear (Partal & Kahya ) . The initial value of the Z test statistics S is assumed to be zero, implying no trend. If a data value from a later time period is found to be greater than the data value from an earlier time period, then S is incremented by one. On the other hand, if the data value from the later time period is lower than that of the earlier period, the Z test statistics S is reduced by one.
The overall result of all increments and decrements provides the final S value, which lies between À1 and þ1. The null hypothesis of the Z test is no change has occurred during the time (no trend). Whereas the alternative hypothesis of the Z test is a significant change has occurred over the time.
The Mann-Kendall test statistics are given as follows
S ¼ any integer between Àn n À 1 2 and n n À 1 2 , X j and X k are sequential time series values, n is the number of data in the set, sgn (X j -X k ) is the sign function and is given as:
It is also assumed that for n ! 8, the S test statistics are normally distributed with a mean value of zero and variance is calculated using Equation (6):
From this, the standardized test statistics, Z, is calculated using the following relations:
The decision to either reject or accept the null hypothesis is then made by comparing the calculated Z with the critical value at a chosen level of significance.
Sen's Slope Estimator is also a non-parametric test by which the true slope (change per year) of a trend is estimated (Salmi et al. ). Sen's test is used when the trend is assumed to be linear, i.e.
where f(t) ¼ increasing or decreasing function of time, i.e.
the trend Q ¼ the slope and B ¼ intercept (constant).
The slope of each data pair Q i is calculated as:
where j > k and, if there is n number of x j in the time series, we get as many as N ¼ n(n À 1) 2 slope estimates of Q i .
Then the values of Q i are ranked from small to large; the median of which is the Sen's slope (Q): 
Dry spell analysis
Daily rainfall data for each meteorological station were fitted to a simple Markov chain model. This was used to assess the chance of rain by assuming that the previous day is dry, i.e. the chance that a dry spell continues, and also the chance of rain by assuming that the previous day is rainy, i.e. the chance that a rain spell continues, which is known as a Markov chain 
Rainfall variability
The Standardized Anomaly Index (SAI), Precipitation Concentration Index (PCI) and Coefficient of Variation (CV)
were used as descriptors of rainfall variability (Woldeamlak & Conway ) . SAI was calculated as the difference between the annual total of a particular year and the long term average rainfall records divided by the standard deviation of the long term data. This index, which is used to examine the nature of the trends, also helps us to determine the dry and wet years in the record. Its formula is given as:
where Z is the standardized rainfall anomaly; x is the annual rainfall total of a particular year; μ is mean annual rainfall over a period of observation; and σ is the standard deviation of annual rainfall over the period of observation.
PCI was analysed using Equation (12) (De Luis et al. CV is a unit-less normalized measure of dispersion of a probability distribution. It expresses the standard deviation as a fraction of the mean and is useful when interest is in the size of variation relative to the size of the observation.
):
In comparing different years of rainfalls with different means, the CV is a more useful basis of comparison than the standard deviation. It is expressed as the ratio of the standard deviation to the mean (Araya & Stroosnijder ):
where CV is the coefficient of variation; X is the average long-term rainfall and S is the standard deviation of rainfall.
The CV was used to compare the long-term variation of wet season rainfall to that of individual years.
Seasonal deficit in crop water requirement
Seasonal crop water requirements for major crops in the basin from planting to maturity were calculated using the CROPWAT 8 model (Allen et al. ):
where ET c is the crop water requirement (mm); K c is the crop coefficient and ET o is reference evapotranspiration (mm). ET o was computed using the FAO Penman-Monteith method from long term minimum and maximum temperature data using the CROPWAT 8 model.
The irrigation water requirement was computed as:
where IWR is supplemental irrigation water requirement (mm) and ER is the effective rainfall (mm). Effective rainfall was calculated based on an empirical formula developed by FAO to estimate dependable rainfall, the combined effect of dependable rainfall (80% probability of exceedance), and losses due to runoff and deep percolation.
RESULTS AND DISCUSSION
Characteristics of the rainfall
The mean annual rainfall distribution across the 12 stations in Awash River Basin varies from 209.7 mm in Dubti to 1,186.8 mm in Addis Ababa (Table 2) Table 2 ).
The SAI calculated for the station mean of annual, Kiremt and Belg season rainfall indicates that 50.8, 49.5 and 58.8% of the years during the past 33 years exhibited negative anomalies respectively and the frequency of negative anomalies increased during recent years (Table 3 
Trends of rainfall in Awash River Basin
The annual and Belg rainfall indicated a decline in trend for eight and seven stations respectively even though it is not statistically significant except for Addis Ababa, Koka and Meisso where reduction in the annual rainfall trend is statistically significant (P < 0.05) (Table 4) LGP The mean potential LGP of the Kiremt and Belg growing season ranged from 35 to 127 days and 0 to 82 days respectively (Figures 8 and 9 ). The standard deviation of LGP for the Kiremt growing season ranged from 9.9 to 31.9 days, while the standard deviation of LGP for the Belg growing 
Trend of the growing season
The LGP for the Belg season indicated a decline in trend for all stations except Koka, which shows a statistically significant increment (P < 0.05). The probable reason as to why the variability is not statistically significant, for a declining trend, may be attributed to the high inter annual and inter seasonal variability of the data. However, the LGP for
Kiremt shows an increasing trend in nine stations out of 12, and Koka station shows a highly significant increment (P < 0.01) ( Table 5 ). The possible reason is that most of the stations registered an increasing rainfall trend during the Kiremt season.
Dry spells during the growing season
For all stations, the probability of occurrence of longer dry spells is less than 0.3 in March, decreasing to 0 from the middle to the end of June, and increasing again after the end of August. All dry spell probability curves converge to their minimum during the peak rain season and increase again around September, signaling the end of the growing season ( Figure 10 ). The results also revealed that the probability of the occurrence of a dry spell (shorter or longer) is higher in Dire Dawa and lower in Kombolcha, from the selected stations. In general, the Belg has a much higher probability of dry spells than the Kiremt. The increased probability of dry spells at all the stations in late August and thereafter might be related to the southward shift of the ITCZ (Araya & Stroosnijder ). Segele & Lamb () verified that long and consecutive dry spells were strongly related to a major downturn in dew point, abnormally high temperatures, and easterly winds throughout the troposphere beneath a weak tropical easterly jet.
Seasonal deficit in crop water requirement
The crop water requirement simulation results showed that supplementary irrigation is vital in both seasons to avoid yield reduction and crop failure. The Belg season needs more supplementary irrigation than the Kiremt season, except for Dire Dawa station, and supplementary irrigation is needed more at the end of the two growing seasons even though the amount varies from station to station (Table 6 ).
May and September are the most important months of the growing season, when flowering and yield formation take place and the crops are more sensitive to water stress. It is also possible to harvest sufficient runoff, especially in the Kiremt season in July and August, to be used as a supplementary irrigation when rainfall starts to decline (Araya & Stroosnijder ) .
CONCLUSIONS AND RECOMMENDATIONS
In conclusion, higher variations of rainfall existed in the Belg Excess rainfall for harvesting is available in July and August in much of the basin. This excess water has a huge potential to ensure good crop establishment during the short rainy season (Belg), and can be used to ensure proper crop seed establishment. Moreover, if rain stops early during the main rain season, the water harvested in July and August can assist proper crop maturity. Moreover, given the high uncertainties in Belg season crop production, farmers need to be provided with an enhanced forecast service. 
